Abstract. Within a process of modeling exercise, this study aimed to understand appropriate selection criteria to identify key industries. There are many key sector identification linkage measures in the subject matter and sensitivity issue among them can be tricky because many of these measures differ only slightly but can result in outcomes that are quite dissimilar. With this background, we proposed an alternate approach that helps to resolve this issue. The proposed approach utilizes in this study by five sub-methods and high degree of the frequency of their occurrences in sub-methods to determine the key sectors. The study approach is applied to Malaysia as the public sector investment remains a large share in the national economy, like other developing countries, and the correct identification is still a challenge for sectoral planning. The experiences from this study can be used to guide appropriate public investment in Malaysia and elsewhere with similar economic forms.
Introduction
Wassily Leontief introduced the input-output analysis in the mid-1930s which became a standard tool in development planning (Miller, Blair 2009 ). The analysis has the advantage of showing the impacts of a specific action, and the ripple-effects that the action or event has on other sectors of the economy. Within this analytical framework, Rasmussen (1956) and Hirschman (1958) respectively developed measures for intersectoral linkages and application of intersectoral linkages in the identification of key economic sectors to maximizing impacts of investment. They contended that developing economies should aim investment in key sectors that are known to have a high degree of forward and backward intersectoral linkages. Since Rasmussen (1956) , researchers have suggested many measures to observe the strength of backward and forward linkages for identifying key sectors. Several measures are widely accepted as standard actions and influential than others for investment selection (Dietzenbacher et al. 1993; Hoen 2002) . The linkage measures mostly designed to identify key sectors in terms of employment, value added or input consumption to the policy goal of expanding output. Interestingly, each of these measures has found slightly different in interpretations and applications but typically surrounding by dispute and controversy (Hewings 1982; Cella 1984; Sonis et al. 1995; Miller, Lahr 2001; Sanchez-Choliz, Duarte 2003) .
Therefore, even though there is a good number of studies and applications of intersectoral linkage measures related to weak forward and backward linkages are existed in the subject but more could be done as the gap in key sectors' identification (classification) in the literature remain outstanding. As our knowledge goes, to minimize the gap no study has been considered in the area by comparing the use of different linkages sub-methods to identify key sectors for expansion of foreign direct investment (FDI) or no study has been measured probable policy goals by alternative selection criteria. In addition, no study has been deliberated to select key sectors by the frequency of their occurrences in the different linkage measures to justify potential outcomes. We understand from the literature that mostly developing and transitional economics suffered to identify the policy goal of expanding FDI and struggled to obtain potential output with limited investment. The evidence of planning challenge even can be found in large developing countries like in India, Argentina and Brazil where they struggled to implement the industrial strategies (Ma 1997; Mann 1997; UNCTAD 1996; Gulati 1997; Jiaqin, Huei 2002) . As public sector investment considered a large share in those developing countries, and hence the potential efficiency gains supposed to guide public investment from an economic viewpoint.
Hence, the proper knowledge and appropriate selection of key sectors could help to guide correct investment in the key industries and benefit of investment could be maximized (McMann, Randolph 2011; OECD 2011; Fornahl et al. 2010; Hitt et al. 2009; Kuratko 2009; Audretsch 2009; Hsu 2007) . Literature shows that to identify the effective policy goal of expanding FDI India, Brazil and Argentina have encountered lots of difficulties (Gulati 1997; Jiaqin, Huei 2002) . Therefore, the arguments place again in the application of intersectoral linkages related to particular weak forward and backward linkage measure as many of those linkage measures differ only slightly but results in outcome that are fairly different (Ma 1997; Mann 1997; Gulati 1997; Jiaqin, Huei 2002) . We understand that using the same data set different forward and backward linkage measures yield different selection of key sectors and thus resulting in different policy outcome, which may place complexities in policy design. Therefore, academia should come up with a precise linkage measure by alternative selection criteria in the application of intersectoral linkages. We identify that Malaysia is not an exception in the realm even though it has fundamentally a liberal foreign direct investment policy as the issue is concern.
Malaysia is basically considered a small open economy with a liberal foreign direct investment incentives' friendly provision to attract investment. Following FDI intensives in the 80s, its inflows have increased more than ten folds over the last three decades (Fig. 1) . However, the average FDI inflow has been hanging in MYR15.0 billion per year without signs of increasing between the year 1990 and 2005 (Table 1) . Eventually, FDI has decreased from MYR20.3 billion to 17.9 billion while domestic direct investment (DDI) increased from MYR8.1 billion to MYR13.2 billion between 1990 and 2005 (Table 2) 1 . It reveals from the Table 2 that some key sectors (i.e. identified by the Malaysian Second and Third Industrial Master Plan) experienced dropping tendency in FDI and DDI especially on textile and textile products; paper, printing and publishing; petroleum and petrochemical; non-metal manufactures; rubber products and beverage and tobacco. It should be noted that the Third Industrial Master Plan (2006-2020) targeted on key industries, which are (a) non-resource-based industries: electrical and electronics, medical devices, textiles and apparel, machinery and equipment, metals, transport equipment; (b) resource-based industries: petrochemicals, pharmaceuticals, wood-based, rubber-based, oil palm-based, and food processing (MMP 2009) 2 .
1 Since independence in 1957, Malaysia experienced relatively high economic growth that averaged about 6% in the 1960s and 1970s. During those decades, the major engines of growth were the agricultural plantation sector and the mining and quarry sector. The agricultural plantation sector largely comprised of rubber, cocoa, and oil palm while mining and quarry comprised mainly of tin ore mining. In spite of the large agriculture and mining dominance, Malaysia transformed itself into a manufacturing based export-oriented economy through a series of investment policies which started with the Pioneer Industries Ordinance of 1958. This ordinance promoted import-substitution of various manufacturing outputs. Later, the ordinance was replaced by the Investment Incentives Act of 1968 which stresses on exports. 2 Yeoh and Zhao (2005) asserted that FDI were practically non-existent before the introduction of the 1968 Investment Incentives Act. However, following the act, FDI considered an important source of capital and technology. To further boost FDI inflow, the Promotion of Investment Act was introduced in 1986. In the same year Malaysia launched its First Industrial Master Plan and 12 key industrial sectors were identified to be developed. These industrial sectors were rubber, palm oil, food, wood-based industries, chemical and petrochemical, non-ferrous metals, non-metallic minerals, electrical and electronics, transport equipment, machinery and engineering, iron and steel, and textiles and apparel. In 1996, the second Industrial Master Plan was launched. Among other targets and concerns, this plan stressed on cluster-based approach to developing the industrial sector and on deepening industrial linkages. 1999 1997 1995 1993 1991 1989 1987 1985 1998 1996 1994 1992 1990 1988 1986 0 5000 10000 15000 10000 25000 30000
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Journal of Business Economics and Management, 2014, 15(3): 577-598 We understand that the identification of key sectors is fundamental; so that the limited foreign and domestic investment can correctly direct to key industries to achieve maximum development impacts. With this background, our goal is to show how the Malaysian economy has lost out from correct identification of key sectors in the Malaysian Third Industrial Master Plan. Apart from that, our aim is also to show the difference of key sectors' classification between this study and the Malaysian Third Industrial Master Plan (2006-2020).
As correct identification of key sectors remained a planning challenge in Malaysia to maximize economic outcomes; hence, to overcome of these problems, we proposed an alternate approach that allows for better selection of key sectors. We placed a one step forward strategy in the linkage measures by augmenting information from different key sector measures. The set of key sectors with the largest impacts are selected to identify key industries by our study. Our approach is based on three steps: (i) use of different methods to identify key sectors; (ii) the intended policy goals as a criterion of selection; (iii) the selection of the key sectors chosen according to the frequency of their occurrences in the different methods. The method employed in this paper is rigorous, which made its findings quite robust for the key sectors' selection criteria. In addition, the identification of key sectors is especially important for government to make corresponding policies to attract FDI and DDI to the sectors which may play vital roles in driving economic growth. Therefore, we believe that experiences from this study national policy maker would be able to implement a right industrial strategy in future.
Methodology and study approach
The analytical approach is based on the Leontief's input-output framework (Miller, Blair 1985 , 2009 ). Given an n-sector economy with intersectoral transaction matrix Z and sectoral total output vector X, the direct input requirement matrix, A, is given by:
where, X is the diagonalized matrix of X. Elements in the direct input requirement matrix indicate the value of input from sector i used by sector j to produce one dollar's worth of output.
We understand that input-output model describes the relationships among economic sectors through the use of a system of linear equations that represent each sector's identity between the total output produced, and the output purchased and consumed by all the other sectors of the system. In matrix notation this system of linear equations is:
where, Y is final demand vector. Equation (2) is the fundamental equation of the open Leontief system, which states that the gross output (X) is the sum of all intermediate input demand (AX) and final demand (Y). Solving equation (2) for total output yields equation (3) where I is an n by n identity matrix and B is the Leontief inverse or total requirement matrix.
To measure the intersectoral linkage of a particular sector means we must compute and evaluate its forward linkage (FL) and backward linkage (BL) with the rest of the economy. 3 Note however, since the forward linkage essentially deals with downstream output supply, despite some reservation by some authors (Oosterhaven 1988; Oosterhaven 1996; Dietzenbacher 1997) , researchers generally use the Ghosh supply-side model in the computation of FL (Miller, Blair 1985) . The supply-side direct output coefficients are given by:
where, r is the scalar diagonalized matrix of A (i.e. direct output coefficients). It follows that the Ghosh direct and indirect output coefficients are given by (Miller, Blair 1985) :
where, r is the scalar diagonalized matrix of B (i.e. direct and indirect output coefficients). Based on the Leontief framework, Rasmussen (1956) and Hirschman (1958) suggested (6) and (7) ) where, B is the Leontief inverse matrix (i.e. total requirement matrix of the equation (3)) and parameters Bj and Bi indicate the value of inputs from sector i used by sector j to produce one dollar's worth of output in the economy. In addition, b ij are the coefficients of matrix B, where Hazari (1970) suggested modification to the measures by dividing the terms in (6) and (7) by a global average as in (8) below:
where, n indicate the numbers of industry in the economy. This would allow interindustry comparison. With normalizations procedure, the linkage indicators become: ) where, BL is the backward linkage and FL is the forward linkage. In addition, Uj and Ui indicate the value of inputs from sector i used by sector j. Under this method, a sector is said to have strong backward linkage if U j > 1 and strong forward linkage if U i > 1. A key sector is defined as those sectors having U j and U i greater than 1.
To eliminate selection error due to extreme values in the calculation of average, Hazari (1970) also suggested using the coefficient of variation to complement (9) and (10) in identifying key sectors (Bharadwaj 1966) . Following Hazari (1970) , Lenzen (2003) , and Cai, Leung (2004) , the coefficients of variations associated with BL and FL are defined as in (11) and (12) respectively:
where, Vj indicates the coefficients of variations associated with BL and Vj indicate the coefficients of variations associated with FL. Under this method, a sector is said to have strong backward linkage if U j > 1 and small V j . Similarly, a sector has strong forward linkage if U i > 1 and small V i . All indices mentioned above are pure measure of sectoral interdependence that do not account for the level of economic activities and/or the policy context of key sectors computation (Lenzen 2003; Soofi 1992; Cuello, Mansouri 1992) . To remedy this deficiency, researchers recommended incorporating weighting scheme into BL and FL measures (Rasmussen 1956; Hirschman 1958 , Hazari 1970 Laumas 1976; Soofi 1992; Cuello, Mansouri 1992) . Following Soofi (1992) , Claus, Li (2003) , the weighted BL and FL measures are calculated as follows. Another measure of sector potential that account for relative size of a sector is based on output-to-final demand elasticity (Mattas, Chandra 1994; Ciobanu et al. 2004; Miller, Blaire 2009 ). Simply put, this measure of sector potential quantifies the impact of one percent change in final demand to the percentage change in total output. Following Mattas, Chandra (1994) , the output-to-final demand elasticity of sector j, which can be indicated by OE xyj , is calculated as follows:
Essentially, OE xyj (backward linkage in the output-to-final demand elasticity of sector j) is similar to equation (6) or (13) but is weighted by the ratio of final demand to total output. As such, OE xyj is a measure of BL and taken together with a similarly weighted forward measure, could be used for key sectors' identification. The forward linkage output-to-final demand elasticity which can similar be indicated by OE xyi can is calculated as follows:
where, OE xyi (forward linkage in the output-to-final demand elasticity of sector i). Under this method, strong backward linkage is associated with larger value of OE xyj . Similarly, strong forward linkage is associated with larger value of OE xyi 4 .
Each of the measure presented in this section will result in different key sector selection albeit many overlapping. To discriminate among the selections, we propose simulating the planned investment impact on the targeted economy-wide variables such as on output, value added and employment. In the next section, we demonstrated the application of this proposed methodology.
Method application and results
To reveal the proposed alternate approach, we studied the frequency of occurrence by our five different scenarios on Malaysian economy. The government of Malaysia seeks to expand output of key manufacturing sectors by encouraging direct investment into these sectors through provisions of appropriate incentives. Assume also that the targeted level of investment is 10 percent increase in direct investment in key manufacturing sectors and 5 percent for manufacturing sectors that are strong in either BL or FL.
We used Malaysian Input-output For the purpose of identifying key manufacturing sectors, our alternate approaches were computed based on Input-Output relative methods on linkage measures. They are: 1. Method I: Based on (9) and (10) with standard I-O linkage measures.
Method II: Based on combination of coefficient of variation both for BL and FL.
That is BL and FL as in Method I but is complemented by (11) and (12). 3. Method III: Based on (13), (14) and (15) with final demand weights on output;
value-added and employment. 4. Method IV: Based on (14) and (15) with export weights. 5. Method V: Based on BL and FL output-to-final demand elasticity in (16) and (17) respectively.
For each of the method, we also estimated the economy-wide impact of additional investments in identified key manufacturing sectors under the assumption that government will encourage direct investment increased provide incentives to stimulate 10 percent increase in total direct investment in key industries but only 5 percent increase in total direct investment for industries that are strong in either BL or FL. Table 3 were obtained by applying equations (9) for backward linkage and (10) for forward linkage. Details of the result are presented in Table B1 Based on the outcome and the assumed investment scenario mentioned above, the total additional output generated would amount to MYR1.70 billion (US$ 1 = 3.3RM). Table 4 were obtained by applying equations in (9) and (10), but each is complemented by coefficients of variations in (11) and (12) As expected, relative to results of Method I, Method II resulted in fewer key sectors where food processing industry and paper, printing and publishing industry were filtered out by coefficient of variations. Under the same investment scenario, the total additional output generated is MYR1.45 billion. 
Method I Results in

Method III
Results in Table 5 were obtained by applying final demand weights on output, valueadded and employment in the calculation of (13) and (14-15). Details of the result are presented in Table B2 Journal of Business Economics and Management, 2014, 15(3): 577-598 Outcome of this method is radically different from those obtained using Method I and Method II. All of the manufacturing sub-sector fell either in the "Weak BL and weak FL" or the "Strong BL and strong FL" category with petroleum and petrochemical industry being common to all methods thus far. Additional output using this method is also the highest, i.e., MYR2.40 billion. This figure is considerably much higher than the additional output obtained in method I and method II.
Summary of the outcome on value-added using method III (Table 5 and Table C1 The outcome of this method is very similar from those obtained on output. The weights on Table C1 indicate that like final demand impacts, the value-added also placed similar impacts in the manufacturing sub-sectors and those are different from those obtained using Method I and Method II. Table 6 were obtained by applying export weights (i.e. as an alternative of foreign exchange earnings) in the calculation of (14) and (15). Details of the outcomes are presented in Table B2 (Appendix B). Under this scheme, the 19 manufacturing industries are distributed to fulfill our goal as follows. 
Method IV Results in
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Result of this scheme based on weights is presented in Appendix C (Table C1) which is overall similar to outcome obtained from Method III, except petroleum and petrochemicals. This is expected since petroleum and petrochemical industry has a final demand weight than export weight. On the other hand, chemicals and chemical product industry has a higher export weight than final demand weight (Appendix C). Under the same investment scenario, total additional output generated is MYR2.7 billion. Table 7 were calculated by applying (16) and (17). Details of the result are presented in Table B2 in Appendix B under column heading Method V. For the 19 manufacturing industries, BL ranges from a maximum of 0.2046 (electrical and electronic industry) to a minimum of 0.0010 (leather and leather product industry).
Method V Results in
FL ranges from a maximum of 0.1774 (electrical and electronic industry) to a minimum of 0.0008 (leather and leather product industry). BF and FL averaged 0.0312 and 0.0278 respectively. Under this scheme, we defined key industries as those industries with BF and FL greater than 0.0278 5 . Under this scheme we found that the 19 manufacturing industries are distributed s follows. 
Conclusions
Since the 1950's, many key sectors' identification measures have been developed. While these measures are very similar, their outcomes on key sectors are quite different as an application for policy choice. Therefore, we proposed an alternative approach that resolves this issue. Our approach provided a potential outcome to take account of further initiatives and justified why one method is chosen over others for a right investment decision directed to key industries. We further applied this alternative approach to select key sectors in Malaysia as the public sector investment still remains a large share in the national economy. We utilized the magnitude of impacts on output, value-added, employment, export earning for the identification process and based on the outcomes the key industries identified are (i) food processing, (ii) machinery manufacture, (iii) electrical and electronic products, (iv) chemical and chemical product manufacture, and (v) petroleum and petrochemical industries. Hence, the classification of key sectors in this study is quite straight forward to find out a future guideline to minimize Malaysian previous policy gap and to set a possible way forward for future investment decision.
The major contribution of this study (a) the formation of an alternate approach to identify key sectors, (b) the explanation why Malaysia is distress to identify the correct key sectors in the concurrent policy goal. It is very reasonable that unless selecting the right industrial sectors for investment decision, sustain economic growth may turn down in the future. We notice from the Malaysian Second and Third Industrial Master Plan that some key sectors such as textile and textile products; paper, printing and publishing; petroleum and petrochemical; non-metal manufactures; rubber products and beverage and tobacco are experienced negative impacts on FDI and DDI. Our purpose for this study is to help finalizing correct key industries, especially for the Malaysian forthcoming Development Plan. We understand that Malaysian government may have different economic and political agendas to uphold economic growth by other ways, but the correct identification of key sectors is crucial so that both limited foreign and domestic investment are directed to key industry's to achieve maximum growth. We suggest that this study would offer a specific direction for the concern policy maker to implement a right future industrial strategy in Malaysia.
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